Abstract: Six groups of limited flora (LF) Hartley guinea-pigs were produced by inoculation of hysterectomy-derived GF guinea-pigs with various combinations of cecal bacteria of conventional (CV) guinea-pigs to determine the effective bacterial cocktails for the establishment of a specific pathogen free (SPF) colony. Bifidobacterium magnum (Bif) isolated from CV guinea-pigs was used for pretreatment. The mortality of LF guinea-pigs inoculated with only Bif was 75%, and that of those inoculated with Bif plus chloroform-treated cecal suspension (CHF) or Bif plus CHF plus 32 isolates from CV guinea-pigs was 40 to 66.7%. These three groups were in an unhealthy condition with mucoid enteritis-like diarrhea. However, the mortality of LF guinea-pigs inoculated with the anaerobic growth on EG plates injected with 10 -5 dilution of cecal contents (CF) or inoculated with Bif plus CF was 6.3 and 15%, respectively. These latter two groups of LF guinea-pigs were transferred to separate barrier rooms and some of the LF guinea-pigs were maintained in isolators as a source of intestinal flora for SPF guinea-pigs. The composition of cecal flora of LF guinea-pigs was stable for a long time, and bacteroidaceae and peptococcaceae were maintained as predominant components. The basic composition of the cecal flora of SPF guinea-pigs originated from LF guinea-pigs, which consists mainly of the anaerobic bacteria, was not changed over a long period, and the flora composition became similar to that in CV guinea-pigs. Guinea-pig-specific pathogens from the SPF colonies were not detected during experiments.
Introduction
Specific pathogen-free (SPF) animals are generally produced using hysterectomy-derived animals maintained in barrier type animal facilities. However, the barrier system prevents not only the invasion of infectious agents but also normal floral organisms. Consequently, SPF animals lack the indigenous flora which resist the colonization of pathogenic species or opportunistic pathogens. Therefore, an artificial supply of indigenous flora is essential for hysterectomy-derived animals [2, 7] .
Recently, standardization of the microflora of SPF laboratory animals has become necessary for several research fields. A few reports on the production of SPF guinea-pigs [2, 8] have been published and they reported that some SPF guinea-pig colonies suffered problems caused by poor intestinal flora. Control of the intestinal flora of SPF guinea-pigs is more important than that of SPF mice and rats because the ceca of germfree (GF) guinea-pigs become very large as they grow and ex-GF guinea-pigs are also very sensitive to enteric infections. Normalization of intestinal flora is essential at an early stage of life in SPF guinea-pigs.
In the present study, we attempted to establish breeding colonies of SPF guinea-pigs harboring normal intestinal flora using limited-flora (LF) guinea-pigs as a source of intestinal flora. We also monitored the cecal flora and pathogenic microbes of the SPF guineapigs and checked their fertility to confirm their normal status as a guinea-pig breeding colony.
Materials and Methods
Animals: Conventional (CV) Hartley guinea-pigs obtained from a commercial supplier (Funabashi Farm, Funabashi, Japan) were used as donors of cecal flora. Recipient GF guinea-pigs were derived by hysterectomy from Hartley guinea-pigs (Japan SLC, Inc., Hamamatsu, Japan) and raised under axenic conditions in flexible vinyl isolators.
Hand feeding of GF guinea-pigs: The GF guineapigs were reared in a hand rearing box set inside an isolator until 22 days of age and were subsequently transfered to an usual isolator. Heating was provided by means of heating pads controlled thermostatically. The guinea-pigs were resuscitated at 36°C, and the temperature was maintained at 31°C until 5 days of age and then decreased stepwise to 25°C within five days. All animals were given 1/10 volume (ml/g) of body weight of 50 kGy γ-irradiated milk (Commerciallyavailable milk; multiple vitamin mixture added at a rate of 2%) by latex catheter twice daily until 33 days of age. From 34 to 40 days of age water was added to the milk and gradually increased. Autoclaved egg yolk was given until 32 days of age and 50 kGy γ-irradiated solid diet mixed with milk (Purina Guinea pig Chow 5025, USA) until 18 days of age ad libitum. The food was gradually changed to a solid diet.
Production of LF guinea-pigs: Bifidobacterium magnum (Bif) for pretreatment was isolated from CV guinea-pigs at 2 or 3 weeks of age. This species is specific and is the dominant lactic acid producing bacterium in the intestine of guinea-pigs. Cecal flora of CV guinea-pigs aged 10 weeks was used as the floral source. Culture methods were the same as those described previously [10] . A 10 -5 dilution of cecal contents was inoculated into EG agar plates and incubated in an anaerobic chamber for 5 days (CF). Growth was suspended in anaerobic trypticase soy broth without dextrose (Difco, USA) and the mixture was inoculated into GF guinea-pigs. Chloroform-treated cecal suspension (CHF) [5] of CV guinea-pigs, and 32 strains consisting of Streptococcus spp., Bacillus spp., Bifidobacterium, Bacteroides spp. and Veillonella spp. isolated from ceca of CV guinea-pigs were used as the source of guinea-pig intestinal flora. Flora cultures were enclosed in a tube with a butyl-rubber stopper, transferred into isolators and inoculated into GF guineapigs between 12 and 21 days of age by injection of 0.5 ml of suspension into the stomach by means of a metal catheter attached to a syringe. Six groups of LF guineapigs were produced by a combination of four different inocula ( Table 1) .
Maintenance of LF guinea-pigs: Two groups of LF guinea-pigs were kept in large flexible vinyl isolators (1150 × 1200 × 800 mm) in the same way as GF animals, and given commercial diet (Purina Guinea-pig 5025) sterilized by γ-irradiation at 50 kGy and autoclaved water ad libitum. Breeding was started using 6 males and 9 females in the Expt. 1 group, and 8 males and 9 females in the Expt. 2 group at 12 weeks of age.
Production and maintenance of SPF guinea-pigs: The Expt. 1 and 2 groups of LF guinea-pigs and their offspring were transferred from the isolators to barrier rooms, 9 months and 3 years after association with cecal flora, respectively. Some of the LF guinea-pigs were maintained in the isolators to preserve their flora, and they were bred. The animals were kept in two barrier rooms at 25-27°C with a relative humidity of 45-65% under a lighting regimen of a 12 hr light/dark cycle, and total air exchanges 12-15 times/hr. They were housed in aluminium cages (1200 × 600 × 420 mm), and fed commercial diet (5L08: PMI Feeds, Inc., USA) sterilized at 121°C for 20 min. Acidified water (pH 2.5-3.0 adjusted with hydrochloric acid) was given ad libitum. Breeding was performed by a polygamous group system (1 male and 6 females, postpartum mating).
Culture of intestinal bacteria: Bacteriological procedures were the same as those described previously [10] . After serial 10-fold dilution of homogenized cecal contents in an anaerobic chamber, the diluted samples were spread on the surface of 11 selective and four nonselective media. Bacterial numbers were expressed as log 10 counts of viable bacteria per gram wet weight of cecal content.
Histological examination: Several parts of the gastrointestinal tract were fixed with 10% buffered formalin and embedded in paraffin to prepare 4 to 5 µm sections, which were stained with hematoxilyn-eosin.
Microbiologic monitoring: To determine the microbiological status in the SPF colonies, guinea-pigs were examined in the two breeding rooms at intervals of 1 month. Fresh feces, blood and tracheal swabs were tested for infections with Salmonella spp., Bordetella bronchiseptica, Pasteurella pneumotropica, Streptococcus zooepidemicus, Streptococcus pneumoniae, Pseudomonas aeruginosa, Tyzzer's organism, Mycoplasma spp., Sendai virus and Eimeria caviae by the methods described previously [11] .
Fertility: For verification of fertility of the SPF guinea-pigs, the pregnancy rate, birth rate, litter size and weaning rate were examined. This study was approved by the Laboratory Animal Use and Care Committee of the Faculty of Agriculture, the University of Tokyo. Figure 1 shows the growth curve, and Table 1 the mortality rate of LF guinea-pigs. The mortality of LF guinea-pigs inoculated with only Bif was 75%, and that of those inoculated with Bif plus CHF or Bif plus CHF plus 32 isolates was 40 or 66.7%, respectively. The following clinical signs were observed in these groups: irregular weight gain, coarse fur, mucoid enteritis-like diarrhea and abdominal distention. Therefore, these groups (Expt. 3, 4, 5 and 6) were sacrificed by anesthesia with CO 2 gas at 50 days of age. In these LF guinea-pigs, degeneration and desquamation of the epithelial cells, dilatation of the glandular cavity and small basophilic cell-like regenerative epithelium in the surface layer were observed in the lamina propria and epithelium of the stomach (Fig. 2) . Degeneration of epithelial cells, thickening of the mucosa and celluar infiltration of predominant neutrophils were seen in the lamina propria and epithelium of the cecum (Fig. 3) . In the Expt. 1 and 2 groups, the mortality of ex-GF guinea-pigs inoculated with the CF or inoculated with Bif plus CF was 6.3 and 15%, respectively. In the LF guinea-pigs of these two groups, no clinical signs were observed. The cause of death in these LF guinea-pigs appeared to be the mis-inoculation of milk into the respiratory tract.
Results

Production of LF guinea-pigs:
The health condition of these groups was very good, and they were transferred into separate barrier rooms for the seed of SPF guinea-pigs. Some LF guinea-pigs were maintained in isolators to retain the basic intestinal flora of SPF guinea-pigs. The composition of cecal flora of ex-GF and CV guinea-pigs used as donors of cecal flora are shown in Table 2 . After 2 or 4 weeks, the cecal flora of the two groups of LF guinea-pigs was composed of bacteroidaceae and peptococcaceae as the predominant flora, and clostridia, fusiform-shaped bacteria, bifidobacteria and eubacteria as the dominant flora. Among the aerobic bacteria, bacilli, corynebacteria, streptococci, staphylococci and enterobacteriaceae were detected in the Expt. 1 group. In the Expt. 2 group only streptococci were detected among aerobes. The major components of cecal flora of CV guinea-pigs, bacteroidaceae and peptococcaceae, were colonized in both groups of ex-GF guinea-pigs at the same level as in CV guinea-pigs.
Monitoring cecal flora of LF guinea-pigs:
The results of the monitoring of cecal flora of the two groups of LF guinea-pigs reared and bred in isolators are shown in Table 2 . Composition of their cecal flora was very stable for a long time. Bacteroidaceae and peptotococcaceae as the predominant population, clostridia and fusiform-shaped bacteria as the dominant population and aerobic bacteria as the low population were detected constantly. The numbers of bifidobacteria varied in both groups, and eubacteria were not detected in the Expt. 2 group.
SPF guinea-pigs: The changes of cecal flora of SPF guinea-pigs are shown in Tables 3 and 4 . In both groups of SPF guinea-pigs, the changes of floral composition were similar. After transfer from each isolator to separate barrier-type rooms, lactobacilli and gemmiger, which had not colonized in the intestines of LF guineapigs, were detected in both groups. Thereafter, staphylococci and corynebacteria were undetectable. After transfer, the composition of cecal flora was stable in both colonies and became similar to that of CV guinea-pigs. The growth rate of SPF guinea-pigs was the same as that in Slc: Hartley guinea-pigs (Fig. 4) . Pathogens were not detected from the SPF guineapigs during the experimental period.
Fertility: Table 5 shows the fertility of the SPF guinea-pigs in colony A. The fertility of SPF guineapigs was as the same as that of Slc:Hartly guinea-pigs.
Discussion
Although the artificial supply of indigenous flora is essential for hysterectomy-derived animals to produce SPF animals [2, 5, 10] , only a few studies on the pro-duction of SPF guinea-pigs have been reported [2, 8] .
In the present study we established SPF guinea-pig breeding colonies using LF guinea-pigs as artificial suppliers of indigenous flora, and monitored their cecal flora, pathogenic microbes and fertility in order to evaluate LF guinea-pigs as the source of intestinal flora for SPF guinea-pigs. Boot et al. [2] attempted to conventionalize GF guinea-pigs with host-specific cecal (7) 10.0 ± 0.1 (2)* 9.7 ± 0.1 (2)* 9.4 ± 0.2 (3) 9.5 ± 0.6 (2) (1) 8.0 ± 0.9 (2) Clostridia 6.9 ± 1.0 (6) 8.9 ± 0.6 (2) 8.8 ± 0.2 (2) 8.5
(1) 9.1 ± 0.3 (2) 9.2 ± 0.0 (2) 9.0 ± 0.6 (3) 9.6 ± 0.3 (4) Peptococaceae 8.0 ± 0.7 (7) 9.1 ± 0.6 (2) 9.6 ± 0.0 (2) 9.1 ± 0.4 (3) 8.5 ± 0.0 (2) 9.8 ± 0.1 (2) 9.3 ± 0.4 (2) 9.7 ± 0.3 (3) 9.8 ± 0.2 (4) Table 7 . **Mean ± S.D. of log. counts of bacteria / g feces when present; figures in parentheses refer to the number of subjects that harbor the organisms.
microflora. They concluded that colonization-resistant flora of mouse origin (mCRF) are not suitable for conventionalization of GF guinea-pigs. They reported opportunistic infections such as mastitis, cecitis, enteritis, otitis media and pneumonia with usually non-pathogenic bacterial species or groups [3] , and Clostridium difficile-associated cecitis [1] in SPF guinea-pigs colonized with mCRF. These reports indicated that the problems might be due to poor or unsuitable components of the intestinal flora. Moreover, Boot et al. [2] reported that almost complete conventionalization of GF guinea-pigs can be obtained by using a host or species specific enterobacteriaceae-free cecal flora produced by oral inoculation with trimetoplin. The use of this species specific flora will presumably reduce the rate of opportunistic infection, mainly enteric infections, in hysterectomy-derived barrier-maintained guinea-pigs. In the Exp. 3 to 6 groups in which ex-GF guineapigs were not inoculated with CF (cultured whole flora), the mortality rate was very high, and there were no differences in histopathological lesions of the gastrointestinal tract among the four groups. These results indicate that GF guinea-pigs require contact with complex intestinal bacteria for conventionalization, and bifidobacteria, CHF, 32 isolates from CV guinea-pigs and mixtures of them may be insufficient as intestinal bacteria. Our results in this study of guinea-pigs and a previous study of rabbits [10] indicate that inoculation of cultured whole flora is a suitable method to convert GF animals to a normal state. Anaerobic culture of diluted cecal contents may select the effective anaerobes and eliminate the harmful microbes.
In SPF guinea-pigs, lactobacilli which could not be detected in the isolators were detected at low population levels, but the basic composition of cecal flora, consisting mainly of bacteroidaceae and peptococaceae, had not changed, and their flora finally became similar to that of CV guinea-pigs. Staphylococci and corynebacteria were eliminated after LF guinea-pigs were transferred to SPF colonies, and enterobacteriaceae, streptococci and bacilli were restricted at a low population level. These results indicated that bacteroidaceae and peptococcaceae are essential floral organisms in guinea-pigs.
In a previous study [10] , we reported that pretreatment with Bacteroides before inoculation with whole flora of CV rabbits was indispensable to conventionalize GF rabbits. However, pretreatment with Bifidobacterium magnum was not necessary to conventionalize GF guinea-pigs as in the case of mice and rats. The intestinal flora of rabbits are different from those of other animals. In rabbits, no or very few lactic acid producing bacteria, bifidobacteria or lactobacilli, are detected in the intestines and small numbers of intestinal bacteria colonize the small intestine. This unique composition of intestinal bacteria may require pretreatment before GF rabbits are given whole flora.
In mice and rats, clostridia have been reported [4, 5] as the most important bacteria for conventionalization of GF animals and the colonization resistant factor [6, 9] . However, our data and the report published by Boot et al. [2] showed that clostridia in the intestines of guinea-pigs is unlikely to be key bacteria in control of the intestinal flora.
In the present study, LF guinea-pigs inoculated with CF gained similar flora to CV guinea-pigs flora, and we concluded that these LF guinea-pigs are available to be used as a source of intestinal flora for SPF colonies. The growth rate and the fertility of the SPF guinea-pigs were the same as those of the original Hartley guineapigs, and the animals were free from all pathogens tested. These results were satisfactory for a SPF guineapig breeding colony. 
